This paper presents an overview of the energy sector, which is characterized by centralized institutional management in the Federal Government, a regulated contractual environment and heavy reliance on hydroelectric power and the concentration of the energy matrix in hydroelectric power. The focus of this study centers on strategic risk because of the issues of global climate change. Our goal is to show that while the government planning gives priority to meeting growing demand, it ignores the possible long-term effects of climate change, which may have a crucial impact on the hydroelectric power industry. We discuss this question in the context of a major player in this segment, the São Francisco Hydroelectric Company (CHESF). To show the importance of adapting the competitive strategy to the possible impacts of climate change, we constructed a strengths, weaknesses, opportunities and threats (SWOT) matrix with various scenarios that might be inferred by the year 2050. The results show that the reduction of water flows and reservoir levels due to climate change represent the main strategic risks of the company and could threaten energy security throughout Brazil unless some preventive procedures to mitigate climate change are implemented.
INTRODUCTION
Brazil has a competitive advantage over other hydroelectric power producing countries, which is the unique characteristic of the different rainfall patterns in different regions of the country, providing a complementary effect for the optimization of water reservoir storage, given the patterns of rain and drought of different regions. Brazil is considered, according to Santos et al. (2008) , to be the third largest hydropower producer in the world, with 11.3% of total power produced and it has the lowest cost of energy production among large countries, one of the lowest in the world.
According to Siffert Filho et al. (2009) hydropower generation potential is estimated to be about 260 GW and the degree of current usage of water potential reaches only about 30% of this capacity. If necessary, Brazil could triple its volume of output. Despite this advantage, there are restrictions imposed by location and environmental conditions that keep the power potential of Brazil from being fully exploited, due principally to geographic and ecological sensitivities in some regions, like Amazon Region. After privatization of part of the Electric Sector during the 1990´s, electricity in Brazil has become more expensive than in those countries that rely heavily on hydroelectricity, such as Canada. One problem is that thermal power plants were introduced without sufficient planning and energy auctions lead to coal and diesel powered thermal plants, which are both expensive and pollutant, besides emitting more greenhouse gases. It was expected that the supply growth should give priority to renewable energy, especially to new hydroelectric power plants. But the environmental licensing process for a hydroelectric power plant is more complicated and takes longer (years) than for a thermal power plant (months). So, oil, diesel and coal power plants were approved for the auctions, besides natural gas and sugar cane bagasse, which are better (less polluting).
There are other problems with hydroelectricity due to the environmental issues and to the popular protests against the dams. Due to their environmental impacts, the size of the areas flooded by future dams in Brazil have to be reduced, as in the case of Belo Monte plant, substantially reducing the area affected by the reservoir. Although part of potential power is lost on the other hand, that is the price to be paid to minimize its impacts.
Despite the abundance of water sources of energy, there is a climate risk from global warming worldwide, due principally to the emission of greenhouse gases. Cantarani et al. (2009) notes that hydroelectric power is very sensitive to changes in precipitation and temperature, which has an impact on the levels of production and sales prices. Brazil, however, still does not take into account the potential impact of climate change in the strategic planning for the production of electric power in Brazil. It appears that the future development of hydroelectric power will take place in an uncertain environment, which may work against the hydroelectric power companies (Harrison et al., 2006) . Especially so because the growing need for investment of private capital and an increase in the impact of climate change on precipitation and temperature that could undermine the economic viability of hydroelectric power systems, factors that lead Harrison and Whittington (2001) to believe that the segment could begin to slow reduced returns, cause increases in unit costs, and ultimately make investment in hydroelectric power less likely.
In this article, we intend to demonstrate that although the Brazilian market for electricity may be susceptible to the impacts of climate change on hydroelectric power generation. Brazil can mitigate the risks associated with this phenomenon by adopting the mechanisms and preventive actions to respond objectively and ensure that the power supply will not be interrupted in the future in its strategic plans.
To do so, we have prepared a case study from a microeconomic point of view, analyzing the possible effects of climate change in the Northeast Region in the context of the business activities of the principal hydroelectric power generating company in Brazil, CHESF (Hydroelectric Company of San Francisco), a federal company, with a particular focus on its vulnerability and sustainability.
The objective of this study is to identify how global climate change (GCCs) could impact hydroelectric power companies' internal and external factors, and how they could include responses to potential social, economic and Andradea et al. 9251 operational performance risks in their strategic planning. The empirical data were treated statistically and analyzed qualitatively through three methodological procedures concomitant: (i) a panel of experts, (ii) the Delphi method, and (iii) a SWOT matrix. From these techniques, four scenarios might be traced to CHESF until the year 2050.
To achieve the goal of identifying how the GCCs can affect the performance of CHESF until 2050, was adopted the methodology Panel of Expert to select the main variables, the Delphi method to sort them according to their importance and the SWOT methodology to build the scenarios resulting from the combination of selected variables. The combined use of these three techniques enabled us to achieve a further refinement of the issues pertinent to the study.
Climate risks and energy security
The risks of climate changes 1 can best be understood as the probability that they will occur and magnitude of the losses that may result. In the case of GCCs the probability is unknown, but the losses can be reasonably estimated.
These estimates are made under conditions of uncertainty 2 and according to Schaeffer et al. (2008) , it is essential to note that climate models are only approximate representations of very complex systems. The level of uncertainty related to the impact of the concentration of greenhouse gases on global climate, and the climate of Brazil in particular is great when compared to results from different climate models developed by other research institutes.
According to Oliveira (2010) , energy security has two dimensions: reliability and guarantee of supply. Reliability refers to the system's ability to maintain energy supplies to the consumer market when faced with situations where, for reasons that are beyond the control of the companies, additional energy is required as a result of unpredictable natural phenomena or a system malfunction, and where the effects are limited and shortterm.
For systems that extend over a vast area in different river basins, integration through transmission over the power grids could maximize operating scenarios under climate changes, short-term or seasonal -that are different from region to region (Lucena, 2010) .
Some studies, using scenarios from different forecasting models, identify trends different from those adopted by the Intergovernmental Panel on Climate Change (IPCC). In this study, we chose to use the IPCC scenarios because of their broad acceptance by governments and various sectors in the Brazilian economy.
The Brazilian energy system is vulnerable to climate change. The Northeast Region is most affected; both in hydropower production, due to the reduction of flow of water in the San Francisco River basin, as well as in the production of biodiesel and wind power (Schaeffer et al., 2008) .
In the Special Report on Emissions Scenarios, published in 2000 by the IPCC, 40 separate scenarios emerge that can be placed in four Groups: (A1, A2, B1 and B2), which according to Lucena (2010) , represent qualitative descriptions characterized by different paths with regard to economic, energy and environmental development. The scenarios in the A2 and B2 Groups are more appropriate for regional studies. The choice of these two groups of scenarios as a backdrop for the analysis in this paper is based mainly on this feature.
The A2 scenario describes a heterogeneous world with a regional orientation. In this scenario, economic interactions and social and cultural differences between regions are less important, regions become more selfsufficient and tend to preserve their local identities. Per capita economic growth and technological development, in this scenario, proceed more slowly and are poorly distributed, which does not help to bridge the gap between different parts of the world (Lucena, 2010) .
The B2 scenario is less pessimistic, with fewer emissions. It assumes a world in which concerns about social and environmental sustainability are greater, where the world's population grows at a slower rate and economic development is more homogeneous than in the A2 scenario. But the introduction of technological innovation continues to be regionally heterogeneous (Schaeffer et al., 2008) .
Using a model, Lucena (2010) shows that the main basin for the hydroelectric development of the Northeast Region (São Francisco River), can be subject to large reductions of both firm energy 3 and average energy 4 , in the scenarios A2 and B2 that the IPCC studied for the period 2005 to 2100. In the B2 scenario, for example, the basin would suffer a 77% reduction in firm energy and the A2 scenario there would be a reduction of 69%. The results are very sensitive to model adopted, but all predictions indicate a possible reduction in the production of energy.
In Schaeffer et al. (2008) , who used another model, when the river flows are reduced, the plants most affected are in the San Francisco Basin, which registered a fall of 23.4% in water flow in the A2 scenario and 26.4% in the B2 scenario. The effect was more pronounced in the CHESF plants, where power production could fall by 7.7%.
We now turn to consider environmental issues in the development of energy policies and energy sector activities, whether in pursuit of more sustainable forms of energy or in hopes of improved environmental performance by industrial operators (Hinrichs and Kleinbach, 2006) .
We analyzed the strategies of the principal power generating company in the Northeast Region, CHESF, to assess the issues surrounding the economic implications resulting from the environmental impacts of climate change. According to Yilmaz and Flouris (2010) , the policies and objectives regarding climate change issues should be integrated into an overall sustainability management framework which is an integral part of the firm's business strategy. This proposal is important because, as Jay (2010) argues, there is undoubtedly an urgent need to apply the principles of environmental assessment to the large changes that are occurring in energy production. There are companies in which this is becoming not only accepted practice but part of their organizational culture.
Brazilian electric sector: A brief overview

In
Brazil's electrical system operations, four interdependent subsystems supply almost all of domestic demand: South, Southeast/Center-West, Northeast and North, through what is known as the National Interconnected System (SIN), under the coordination and under the control of the National System Operator (ONS). In total, 444,438 GWh were produced in Brazil in 2009, of which 414,542 GWh (93.2%) were generated by hydroelectric plants.
The São Francisco River Basin, where the principal CHESF plants are located, is the second-largest energy producer (51,985.1 GWh in 2009) and considered to be the most vulnerable to GCCs in Brazil (Schaeffer et al., 2008) .
The Northeast Region does not produce all the electricity it consumes, that is, it is not self-sufficient. The Northeast Subsystem imports increasing quantities of power for consumption in the region from other systems. The volume of power received in the last four years increased from 4.5% of total consumption in 2006 to 17.7% in 2009, when it reached 11,671 GWh. In 2009, CHESF produced 49,956 GWh (11.2% of Brazilian production and 92.2% of the Northeast Region), confirming its historic leadership in the Northeast, where total production was 54.188 GWh.
But in 2008, there was an acute need to use additional thermal power generation. The delay in the beginning of the rainy season during the summer of 2007/2008, caused by the climate phenomenon known as La Niña, caused a strong reduction in affluent natural energy. According to the relevant data from ONS for 2008, the drought caused a reduction of 28.48% in hydroelectric In general terms, the consumption of electricity in Brazil in 2009 fell by 1.2% compared to 2008, influenced by a decrease in consumption by Brazilian industries, affected by the global crisis. Note that in the Northeast, consumption by the industrial group decreased by 7.8% from 2008 to 2009. In 2010, the consumption of electric power in Brazil increased by 8.8% compared to 2009, especially in the industrial sector, which increased by 7%, and by the residential sector, which increased 12%. In the latter case, consumption was affected by a healthy job market and the supply of credit which according to the EPE (2011) encouraged the purchase of household appliances, resulting in additional electricity consumption.
Consumption estimates and the corresponding electricity production are prepared by the EPE and distributed through the Ten-Year Energy Plan (PDE) for the period 2010 to 2019 and the National Energy Plan (PNE), with forecasts to 2030. The PDE provides more detailed forecasts, showing clearly the technological, economic, social and environmental paths that will be followed in this decade.
Based on these estimates, the energy load (consumption + losses) in the Northeast and Brazil should grow at higher rates than Gross Domestic Product (GDP). The increase in installed capacity in the Northeast will be greater than the increase in consumption in the region. On the other hand, Brazil's installed capacity is expected to grow at rates lower than those for energy consumption.
In general terms, the PNE estimates that by 2030 the total energy demand in Brazil will exceed 1,000 TWh. The demand for hydropower will exceed 800 TWh, corresponding to approximately 77% of the total. The estimates of consumption (load) in Brazil show an average growth of 5% per year to reach 712 TWh in 2019. For the Northeast, the estimate for 2019 reflects an increase of 30.4% compared to 2010, as shown in Table  2 .
It is estimated that by the year 2030, Brazil will have exhausted the potential of its major rivers, requiring a rethinking of energy alternatives to meet the growing demand for electricity in the country and especially in the Northeast Region. The remaining potential become increasingly subject to environmental and economic constraints as the electric frontier advances towards the preserved forest areas in the Amazon.
The Brazilian system will continue to rely heavily on hydro-thermal sources of power. However, in the specific case of CHESF, it is important to map and evaluate the environmental risks that could threaten its performance and choose the path that would contribute to mitigating these impacts.
In this context, long-term planning is considering the use of other sources of alternative and renewable energy, such as wind, photovoltaic and biomass, favoring the technology that most contributes to reducing greenhouse gas (GHG) emissions.
Characterization of CHESF
The electric power for the Northeast is supplied by CHESF, the largest hydroelectric power generator in Brazil, which began operations in 1948 and currently has an installed power output of 10,615 MW. More than 97% of its energy production comes from hydroelectric plants. Power is carried by a system composed of 18,588 km of high-tension power lines.
A case study was compiled using data from CHESF, to period, the evolution of energy production shows a reduction of 9.5%. Despite a reduction in the amount of generated energy over the past four years, consumption increased by 10.3% during the same period. The difference between energy generated and energy consumed was filled by importing (or transferring) electric power from other regions that are integrated into the national system.
The changes in the quantity of electricity sold shown on Table 3 Power transmission activities contributed to the results for CHESF, with guaranteed annual income from previously signed contracts, which legally obligate it to provide access to assets that are part of the basic transmission system network.
The Company's Fixed Assets were US$ 8,174.7 million and in 2009 new investments totaling US$ 366.4 million were made for the expansion and modernization of production capacity. In the 2005 to 2009 period, the compounded annual growth rate (CAGR) for investments was (+) 8.18%, but for the 2004 to 2008 period, it was negative, with a reduction of (-) 1.2%.
The volume of investment is crucial to energy security, which requires a reliable supply system and guaranteed supply. In the case of CHESF, there is an indisputable need for it to strengthen its facilities and prevent the kind of disruptions in energy supply that occurred in early 2010 and 2011, when at least eight states in the region went dark as a result of failures in the transmission system. Accordingly, the plan anticipates increased investment in assets for operating improvements in generation and transmission systems, which are critical if CHESF is to maintain continuous and available levels of electric power sufficient to satisfy demand (CHESF, 2011) .
The company has produced positive results in recent years, with net income increasing at a 9.26% CAGR for the 2005 to 2009 period. The Federal Government holds a controlling interest in eletrobras, which owns 99.45% of the capital stock of CHESF, currently one of the most profitable companies in the Eletrobras System (composed of seven companies that produce hydroelectric power). In this sense, it is worth noting that it contributes favorably with a primary surplus 1 to public accounts, assuming a strategic position in government planning.
Dividends distributed to CHESF shareholders were 100% of 2009 net income and 51.4% of net income for 2008. The obvious option to transfer most of the annual results to the shareholders indicates that management returned maximum value to the shareholder, focusing on earnings per share, one of the management pillars adopted by the competitive Brazilian electricity market and by Eletrobras.
CHESF holds several concessions for generation (9,214 MW) and transmission (18,260 km) that should expire in 2015. The terms of these renovations are up to 35 years. It should be noted that the company already has contracts to supply energy running until 2046. The expiration of concessions in 2015 should cause some reflection on the future of the company. It would not make sense to renew the concessions unless the company had a strategy to ensure that essential public services could be provided to the population of the region. Although not stated explicitly in their reports, it is assumed that the investment in expanding the transmission network is designed to facilitate a greater volume of imports of energy from other regions, especially in the North, where the company already has a share in large project developments. It is obvious that the planning of CHESF includes strategies for contracts that are valid between 2040 and 2050, when the effects of climate change, according to studies cited above, may be more intense.
METHODOLOGY
The empirical analysis has been carried out through different scientific methodologies, which were suitable for building scenarios and to identify which internal and external variables that would be affected by the climate changes provided to occur until 2050. To identify the sensitivity of CHESF's performance to climate changes, the following tools were used as research methodologies: (i) a Panel of Experts, (ii) the Delphi Method, and (iii) a SWOT Matrix.
The use of the Panel of Experts allowed us to identify the major internal and external variables to determine the relevant factors that might be used in predicting scenarios until the year 2050. To survey the variables technical meetings were held with a group of four experts in finance, energy, economy and environment, selected by academic criteria (Masters and/or Doctorate) and experience (development of multi-disciplinary studies in these areas). During the panel sessions twenty-four variables were identified (5 environmental; 11 operational and market; 8 economic and financial), classified according to SWOT methodology and inserted into a questionnaire using the Delphi technique in order to capture the perceptions of experts about the importance of each of these variables to the future performance of CHESF. This method is suitable to evaluate specific markets, as Bonancina et al. (2008) did using the Delphi technique to analyze the gas market in Italy.
In this survey, 14 experts responded to the questionnaire. It was structured to contain a total of 38 questions divided into five groups, using a Likert scale with scores from 1 (very low) to 5 (very high). The responses were analyzed using simple statistical in order to remove the variables with low acceptability and classify the others in order of importance to form the SWOT matrix. Terrados et al. (2007) , the two main components of the matrix are the internal factors, described by strengths and weaknesses and the external factors, described by opportunities and threats. The SWOT matrix, composed of the 11 most important variables appears on Table 4 .
According Markovska et al. (2009) and
The analysis indicates that the environmental risk of global climate changes can lead to different scenarios ranging from development to the decline. An important factor that stands out in all scenarios is the volume of production of energy, because it ensures the fulfillment of contracts, and revenue generation for maintenance activities.
RESULTS
In this area we describe the results of the study in detail, examine the volume of production of energy and the dynamics of the selected variables in the various scenarios to analyze the different trajectories of electricity supply using global climate change as a constraint. Our analysis is limited to the scenario most likely to occur in the Company's future due to its dependence on drivers such as water flow, guaranteed revenue and reservoir levels, identified as being more vulnerable than others, from the environmental point of view.
Consequences of global climate change (GCCs) on energy production
The reduction in the volume of energy production is the main consequence of global climate change on the internal factors of CHESF's performance. The true volume variation cannot be known a priori, not even a probability distribution, because there is no statistical data of the future. Lucena (2010) designed fall power generation between 69 and 88% in the Northeast Region. Considering that this would be the most serious situation, we apply a temporal degree to the reduction of the level of reservoirs in each scenario, resulting in: (i) Mild Impact, that would reach up to 35% reduction of the energy generated; (ii) Relevant Impact, which can reach 60% reduction; and (iii) Severe Impact, whose occurrence would lead to a reduction of up to 80%, resulting in the Table 5 .
In the past five years, the smallest amount of energy generated by CHESF was in 2008, when the phenomenon La Niña caused reduced rainfall, resulting in 41,239 GWh generated. Using this reference year (baseline), it was possible to measure the production volumes shown in Table 6 , upon the application of the respective percentages of reduction presented before. The equation that represents the production 1 estimates is
Where Y ij = Estimated production volume for the scenario "i" under the Impact "j"; A = Production volume of the baseline; V ij = 1 (-) the expected reduction in the scenario "i" under the Impact "j" (Table 5 ).
The volume of energy generated could be affected by different levels of reduction, depending on the trajectory of each scenario and the intensity of environmental phenomena on the horizon of study. The results reflect a more optimistic production 37,115 GWh, while the more pessimistic production pointed to only 22% of this volume, 8,248 GWh, would prevent the continuity of operations of the Company.
Selecting the most likely scenario
Four scenarios from the SWOT analysis are equally likely to occur in the future. According to Godet (2000) , scenarios are not equally likely. The break with the past In the Godet (2000) analysis, there are no statistics for the future and personal judgement is often the only element of information available when making predictions in the form of subjective probabilities. The subjective interpretation reflects the likelihood of a particular event, given by an individual and based the set of information available.
There is controversy in the world of statistics about the use of personal probability. The most widely taught theory of statistical inference is the Frequentist theory, in which parameters are regarded as unknown but fixed. In Frequentist statistics, it is not legitimate to express probabilities about parameters, because only the frequency interpretation of probability is admitted. The rejection of personal probability as a basis for scientific reasoning is one of the differences that distinguish most followers of Frequentist statistics from most advocates of Bayesian statistics, the latter generally embracing personal probability in their methods. However, in the practical elicitation of expert knowledge, this controversy does not arise. The focus of attention in practice is always on variables for which there is at least a component of epistemic uncertainty, and expert judgments are therefore always personal probabilities (O'Hagan, 2006) . Thus, given the multiple futures identified in the four scenarios, all equally possible, we identified those that include the critical drivers of the Company, and then select the most likely to occur in the long term. The probabilities assigned to each of the scenarios resulting 
Scenario
Summary analysis Probability I -Development Opportunities and strengths: That shows the behavior of the selected variables favors the company's future situation. Low [0,1-0,2]
II -Growth
Opportunities and weaknesses: the behavior of selected variables Indicates that in the future should the company grow because of the opportunities that the external environment will provide. High [0, 6] III -Survival Threats and strengths: water flow reduction, Caused by GCC would be more severe, affecting the level of the reservoirs and the levels of guaranteed revenue. Very high [0, 8] IV -Decline Threats and weaknesses: there would be a dangerous combination of environmental, operational and financial problems. The effects of GCC would be intense and the costs of mitigation would be greater than the costs of adaptation.
Medium [0, 4] Source: Authors.
from our research appear in the Table 7 . In this study, the critical drivers involve current environmental issues that may be impacted by the GCCs, and would therefore have an impact on the future performance of CHESF. In this sense, Scenario III (Survival) stands out from the others, since it has three drivers vulnerable to GCCs: water flow, guaranteed income and the levels of reservoirs. Thus, this scenario is the most likely, with a probability of occurrence of more than 60%, given that the company's performance is more sensitive to changes in these drivers than the others from the environmental point of view.
Probability of occurrence of critical environmental drivers
Water flow is indispensable for the generation of hydroelectric power and a possible reduction was considered the most important threat by 64% of the experts consulted using the Delphi method. In addition, the study by Schaeffer et al. (2008) estimates that the annual water flow may suffer an average reduction of up to 10.8% in the B2 scenario. Similarly, the results of the studies by Marengo (2008) indicate that temperatures may increase by 2 to 5°C and rainfall may decrease by 15% in the North-east by the end of this century. Both studies reinforce the trends identified in Scenario III of the SWOT matrix prepared for CHESF.
In this same vein, studies by Santos et al. (2010) generated two climate scenarios for the North-east of Brazil based on data from 1961 to 2007, and showed that there are statistically significant trends showing an increase in average temperatures and evaporation to 2050. It should be pointed out that water flow is a function of the interaction between precipitation, temperature and evaporation, indicators that would suffer the most severe impacts of GCCs, according to the authors. Salati et al. (2007) also developed studies that show that there will not be excess water in the North-east Region during the 2011 to 2100 period. Thus, we can estimate that there will be significant reduction in water flow, assigning a high probability for this driver to occur on the horizon 2050.
The second critical driver is guaranteed revenue which was considered the most important factor by 71% of the experts consulted in the survey. The auctions for the sale of energy are based on the ability to provide assured power. Thus, it is estimated that the revenue from hydroelectric power (75% of total revenue), would suffer a reduction by 2050. On the other hand, revenues from the transmission activity shows a growth trend for the same period, but this will not be sufficient to offset the decline in revenue from the power supply. We can therefore estimate that there will be significant reduction in revenues, with a high probability, from generating hydroelectric power on the 2050 horizon.
With regard to the CHESF's reservoirs (52 billion cubic meters, in 2009), the level depend on natural variations in the water flows of tributaries, which in turn depend on precipitation and temperature. The GCCs are changing the affluent flows to reservoirs while at the same time increasing the consumption of water for other uses, resulting in lower levels in the reservoirs. This decrease can be ameliorated according to one of the criteria of the operation of the SIN, which is the target level of the reservoirs. In that case, thermoelectric power generation through (in the North-east and other regions) would be implemented to prevent the reservoirs from reaching very low levels. We can therefore estimate that there will be significant reduction in the levels of the CHESF reservoirs, with a medium probability for the 2050 horizon.
Characteristics of Scenario III
Scenario III (Survival) shows how the threats, faced with the strengths, could change the situation of the company in the future. The most important threats are: reduction in water flow, constraints on public management and inflation, interest and cost of funds.
In this scenario, defined as survival, we estimate some increasing threats (limitations on public management and inflation, interest and cost of financial resources) and slightly decreasing strengths (reservoir levels, guaranteed income, and investment for generation and transmission). Water flow reduction (threat), caused by GCCs would also be more severe, affecting the level of the reservoirs and thus the levels of guaranteed revenue. The company could lose contracts since participation in the auctions conducted by the Federal Government require proven capacity to generate energy. However, transmission revenue could be preserved as long as investments were made in the network to prevent system failures.
A slowdown due to lower revenues could reduce the rate of investment and further aggravate the situation. It may be necessary to resort to raising capital by borrowing and paying interest rates that are among the highest in the world, with strong signs that average interest rates will continue to rise in an attempt to control inflation.
The governance of the company is public, carried out by the holding company, which sets general guidelines and coordinates with the implementation of Federal Government policies. In addition, the company is subject to regulation and supervision by ONS, ANEEL and the National Water Agency (ANA). The different levels of decision-making can become a complicating factor for both operating and financial situations.
Public management; however, can also have a positive impact for the company as it would be able to receive funds from the holding company in the form of capital increases, but this would not be a permanent solution to the problem.
In this scenario, the company would seek to use its strengths to confront the threats, especially those from climate change. All efforts would be directed to ensure the company's survival in the face of variables that it cannot directly control.
The fact that the company has already installed production sites could make it more competitive, enabling lower prices at the auctions. It could also use its knowledge of the business to increase investments in energy transmission, which would become the predominant activity, if the level of the reservoirs and turbines were severely affected by reduced flow of water.
In short, the survival scenario represents a situation in which the company could use its capabilities to face adversity in the future. In this sense, the critical drivers that stand out are those that may suffer direct the impacts of GCCs, as described earlier.
Given this context, an important strategy that the company can adopt for the future, when threats need to be addressed, would be the diversification of its production matrix incorporating other sources of generation, in order to ensure the maintenance of its strengths. Wind power and energy from biomass are important options, but we stress that the use of gas will also increase. The company could use its importance in the market and in the national accounts and to move strongly in this direction by setting out a development path favoring its corporate sustainability.
The company should also direct its efforts to overcoming the weaknesses revealed during this study. Improving economic and financial indicators (debt, ROE, liquidity) and operating indicators (failures and technical losses) that suggest negative trends, would seem to be urgent measures. Investing in a new mix of energy sources would help overcome stagnation in its generating capacity. Retaining a significant portion of its profits to invest in expansion could improve liquidity and debt indicators. During the expansion phase a lower dividend is assumed, but easily compensated for when the new plants began operation.
Conclusions
The predominance of hydroelectric power generation in the Brazilian energy matrix offers competitive advantages in cost, but also carries with it a high degree of vulnerability due to the risks of climate change, possibly the most significant threat to the electric sector.
This study identified twenty-four environmental, economic, financial and operating variables that can be affected by climate change on the horizon.
The uncertainty in the current regulations regarding the rules for the renewal of leases that expire in 2015 could be one of the factors contributing to under-investment in the coming years. The company is already encountering difficulties in concluding agreements for financing and sale of energy that extend beyond that date. Another factor is the apparent need to maximize shareholder returns, which competes for the resources that would be retained in the company for expanding generation and transmission capacity. This is because the holding company is required to contribute to the federal government's primary surplus and uses the profits of its subsidiaries to meet their annual goals.
For CHESF there are budget constraints, due to competition for resources between investment and dividend payments to shareholders. There are also environmental restrictions that delay or prevent investments due to the difficulties in obtaining environmental licenses, as well as legal restrictions that slow the implementation of company's management decisions and create uncertainties that cloud the future.
Climate risk, which could stimulate investment in technological innovation and adaptation, has not been adequately incorporated into strategic planning. These challenges have been postponed for a later date, adding to risk and making the company's survival even more difficult.
To reduce its exposure to the impacts of climate change, because of its sensitivity to environmental variables, CHESF is seeking to balance the expansion of its business structure with a focus on sustainability. The deployment of wind farms in 2010, either individually or in partnership with other companies, represents the company's first initiatives in the area of alternative energy sources.
With regard to national policies, the structure of Brazil's electric power sector, implemented with the 2004 reform, should not be subject to significant changes in the coming years. Possible adjustments to the current model should not reduce the competitiveness encouraged by the auctions, which is one of their principal objectives. But some suggestions can be made to improve the performance of the sector, based on the SWOT matrix of indicators:
1. Incentives for energy efficiency and energy conservation on the demand side. 2. Gradual reduction and firm reductions in the interest rate and maintenance of inflation at reasonable levels. 3. Easing of laws dealing with the administration of companies. 4. Encourage actions to adapt to GCCs. 5. Increase timely and relevant public investments in renewable energy less susceptible to GCCs. 6. Revision of the Government's targets for primary surplus targets to allow profits to remain within the companies. 7. Modernization of environmental legislation to streamline the licensing process. 8. Inclusion of the impacts of GCCs in planning for the sector.
The use of the SWOT matrix to perform an analysis of the effects of climate change in the business context, helps to shift the focus of the climate discussion of global (policies) to the corporate level (management). The analysis of the scenarios showed that corporate vulnerability could compromise business performance negatively in the regional energy market and, consequently, the Federal Government's strategic policy, which prioritizes the power supply and control the supply side without considering other factors mentioned in this paper, which can affect the long term performance of all national sector.
